Sewage Sludge Treatment for Energy Purpose in China : Waste Treatment in China by Nyyssönen, Ville
         
          
A U T H O R / S :
  
Ville Nyyssönen 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
SEWAGE SLUDGE  
TREATMENT FOR ENERGY 
PURPOSE IN CHINA 
Waste Treatment in China 
 
BACHELOR‟S THESIS –  UNIVERSITY OF APPLIED SCIENCES 
TECHNOLOGY AND TRANSPORT 
 
         
          
SAVONIA UNIVERSITY OF APPLIED SCIENCES   THESIS 
Abstract 
 
Field of Study 
Technology, Communication and Transport 
 Degree Programme 
Degree Programme in Energy Technology 
Author(s) 
Ville Nyyssönen 
 Title of Thesis 
Sewage Sludge Treatment For Energy Purpose In China – Waste Treatment in China 
Date 5.2.2015 Pages/Appendices 59/9 
Supervisor(s) 
ANDRITZ ATC Markku Lehtinen, Savonia Ritva Käyhkö and Harri Heikura 
 
Client Organisation /Partners 
ANDRITZ China Technology (ATC) 
 
Abstract 
 
This thesis is made for ANDRITZ China Technology to find out sludge incineration potential in China. ANDRITZ is 
looking for markets and customers for ANDRITZ sewage sludge incineration technology in China. In addition AN-
DRITZ China manufactures centrifuges, skeleton model filter presses, belt presses and rotatory drums to treat the 
sludge. 
 
Sludge in China has become a major problem. It is considered to be toxic waste, because it contains pathogens, 
which are dangerous for human health. Therefore the disposal to environment as untreated waste sludge has 
caused severe damage. China government has stricken sludge disposal regulations in order to protect environment 
and water resources.  
 
The thesis is divided to wastewater basics, sludge treatment methods, sludge treatment apparatuses, China gov-
ernment vision about sludge treatment and future views. The thesis aims to give information about sludge busi-
ness, governmental status and supporters. The thesis includes alternative sludge disposal methods and compares 
them in order to find the best possible situation for sludge incineration in China. There is an estimation the sludge 
business begins rapidly growing in few years, but sludge incineration is still big question. The best sludge pro-
cessing methods and answers for future sludge treatments depend on government‟s regulations. 
 
Sludge incineration causes air pollution and landfill area scarcity makes it more attractive method to dispose sludge 
with combustion technology. Landfill as sludge disposal method is causing emission problems to soil and water 
resources. The Chinese government is responsible for controlling of sludge disposal, which is the most desirable 
way to protect environment by alternative sludge treatments enforcements.  
 
 
Furthermore studying sludge energy markets and researching them; this thesis includes a proposal for a patent in 
China. The patent information and details are not listed or shown in this thesis; the blank area contains secret clas-
sified information which hinders a person to read any details. 
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ABBREVIATIONS 
 
 
AD  Anaerobic digestion 
BFB  Bubbling Fluidized Bed 
BOT  Build-Operate-Transfer 
BTU  British Thermal Unit 
BTU/lb  British Thermal Unit in one pound 
CFB  Circulating Fluidized Bed 
CNY  Chinese Yuan, money and currency in China 
CPC  Communist Party of China 
DAF  Dissolved air flotation 
DS  Dry solids 
EfW  Energy from Waste, also known as Waste to Energy 
FYP  Five year plan 
GWh  Gigawatt hours, 1.0 × 10-6 gigawatt hours 
HSO3  Bisulfite 
IWM  Integrated Waste Management 
kg  Kilogram, a metric unit for weight. One kilogram is one thousand grams 
kWh  Kilowatt-hours is an energy equivalent 1kW of power expanded for one hour 
lb  Pounds, one 1lb = 0.45359 kg 
m3  One cubic meter equals 1000 liters of water 
MC  Moisture content [%] 
MEP  Ministry of Environmental Protection, P.R.China, also known as MOEP 
MJ/kg  Mega Joules in Kilogram, a heat value 
MOHURD Ministry of Housing Urban-Rural Development 
MSST  Municipal Solid Sludge Treatment 
MSWM  Municipal Solid Waste Management 
MWS  Municipal Waste solids 
Na  Sodium 
NaHSO3  Sodium-Bisulfite 
NDRC  National Development and Reform Commission 
NOX  Nitrogen oxide 
PRC  People‟s Republic of China and known as P.R.China 
PS  Primary sludge 
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RMB  Renminbin, money and currency in China 
SD  Solid density, solid parts in sludge 
SO2  Sulfur dioxide 
SOX  Sulfur oxide 
TWH  Terawatt hours, 1.0 × 10-9 terawatt hours 
USD  U.S. Dollar, United-States of America 
UV  Ultraviolet 
WAS  Waste activated sludge, also called secondary sludge 
WtE  Waste to Energy 
WWP  Wastewater plant 
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1 INTRODUCTION 
 
This thesis is divided to the engineering and business sections. The Engineering is Energy and Envi-
ronmental section in sludge treatment aspects and the business is People‟s Republic of China gov-
ernmental and business aspects. The Energy and Environmental part contains the basics of 
wastewater system, wastewater sludge management, treatment and incineration with sludge dis-
posal methods. There are calculations about the sludge volume change compared to the sludge 
moisture content change. The Engineering part contains information about different separation, de-
watering and thickening methods, comparing them in order to find most efficient and easy method 
to treat sludge. The Engineering section contains also sludge disposal methods and comparison, 
which is the least and the most attractive disposal way. The incineration is one of them and AN-
DRITZ is looking incineration potential in China. Incineration and different incineration methods are 
explained on page 30. 
 
In the business section the volume changes of sludge are used to calculate further sludge treatment 
possibility whether sludge is incinerated in China. The government, business and different stake-
holders that affect sludge markets are introduced at the end of this thesis. There are some govern-
mental aspects about sludge disposal methods, which are the most and least attractive ways to dis-
pose sludge. The government highlights sustainable development and environmental friendly future 
in order to reduce coal incineration in China. The governmental section also includes emission and 
sludge disposal regulations, but the future of sludge treatment is unknown. The next Five-Year plan 
will be implemented between 2016-2020 and that is containing People‟s Republic of China‟s support-
ing plan for emission reduction and sludge disposal. The Business section introduces old and current 
projects by economical or financial failures and highlights of sludge disposal. Those projects can be 
evaluated to find the best solution in sludge disposal and incineration. 
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2 ANDRITZ GROUP 
 
 
The ANDRITZ GROUP is a globally leading supplier of plants, equipment, and services for hydro-
power stations, the pulp and paper industry, the metalworking and steel industries, and solid/liquid 
separation in the municipal and industrial sectors. In addition, ANDRITZ offers technologies for cer-
tain other sectors including automation, the production of animal feed and biomass pellets, pumps, 
machinery for nonwovens and plastic films, steam boiler plants, biomass boilers and gasification 
plants for energy generation, flue gas cleaning plants, plants for the production of panelboards 
(MDF), thermal sludge utilization, and biomass torrefaction plants. ( ANDRITZ Oy 2015.) 
 
 
ANDRITZ provides tailor-made plant, system, and service solutions to customers in China. Estab-
lished in 2002 with over 1,600 employees currently, ANDRITZ (China) Ltd is a 100% ANDRITZ 
GROUP owned company which supplies technologies and solution for the group four business areas: 
Hydro, Pulp & Paper, Metals and Separation, also for many other industries and products. Dedicat-
ing itself to bring the ANDRITZ Group's state-of-art technologies to China and provide superior ser-
vice to its large local customer base. In addition to the manufacturing centers in Foshan Chancheng 
and Sanshui districts, several branch offices have been set up in Beijing, Shanghai, Chengdu and 
Hangzhou. The area of Foshan workshop already exceeds 68,000 sqm today. ( ANDRITZ ATC 2015.) 
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3 THE BASICS OF WASTEWATER TREATMENT AND WASTEWATER SEWAGE SLUDGE 
 
In this chapter wastewater treatment will be seen in different treatment phases and how it is done. 
In wastewater treatment there are two different ways to handle process. One is the water in 
wastewater treatment, known as watering part of the liquid. The second part is the solid part, 
known as dispense of water in sludge treatment. 
 
In liquid part the wastewater travels from preliminary treatment to primary treatment. These two 
treatment methods are mechanical treatments. Then wastewater continues to secondary treatment 
which is biological treatment. The last wastewater treatment is tertiary treatment which is also 
chemical treatment. Finally, clean water is released to streams. (SSWM, 2014.) 
 
 
3.1 The Basics of the Wastewater System 
 
Like in any kind of wastewater system, the person must know the process and all contamination in 
the water. The water is collected from public channels conveyed by big pipes to wastewater hall 
supplies. Smaller pipes convey water from storm basin and from hall supplies to pump station and 
pump station will pump it to the first round of treatment which is called preliminary treatment. The 
first treatment is called preliminary, second treatment is primary, then follows secondary and finally 
tertiary treatment takes a place. Different treatment phases are shown in Figure 1. (SSWM, 2014.) 
 
Figure1. Preliminary, primary, secondary and tertiary treatment in WWP (wastewater plant). (The 
original picture is shown in Appendix 6.) 
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Preliminary treatment is all mechanical treatment and in many wastewater treatment plants prelimi-
nary and primary treatments are fused together, which is called primary treatment. In primary 
treatment physical apparatuses are used for separating particles mechanically from the water, be-
cause collected water contains solid parts as well as liquid parts. The liquid parts have nutrient 
sources, because the wastewater contains human waste. That means the water contains protein 
products, carbohydrates, sugar products and grease products. (SSWM, 2014.) 
 
 
3.2 Mechanical Treatment 
 
3.2.1 Preliminary Treatment 
 
There are many different solids toilets flush down and which can be collected and separated from 
water by preliminary treatment, also called mechanical treatment. In preliminary treatment bars and 
screens are used to screen huge solid elements from water. The second phase in mechanical treat-
ment is grease and grit removal. In this treatment gravitational force is utilized to separate materi-
als. For example, fat materials and grease materials are not soluble and will float on the water, if 
they have given time for settling down. The collected grease and fat solutions passed through the 
bar‟s screens can be coagulated in the tip of screening system. In the tip grease balls formation will 
float and these grease balls need to be scrapped and scum removed. The end result is water where 
all small particles of the nutrient sources stay in liquid form. The bigger particles are removed in the 
bar‟s screens and in grease removal system. (SSWM, 2014.) 
 
 
3.2.2 Primary Treatment 
 
Basically in primary treatment, there is one large base which is called a primary clarifier. This clarifi-
er has one centerline, one strand “layer” on the top and one strand on the bottom. Both strands are 
functioning in different ways. For example, the top strand which is moving on the surface of the wa-
ter is dilating all small particle materials. Those small particles are flocculating on the water and they 
are dragged to one side by keeping them away from the non-dilated particles. The second strands 
are also rotating but in very slow velocity. This rotation helps all small particles to sediment in low 
region or in lower tank in this primary clarifier (see Figure 3.) The sedimentation phase. The sedi-
ment material is called primary sludge, where sludge means the solid waste part of the wastewater 
treatment. (SSWM, 2014.) 
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3.2.3 Filtration 
 
Wastewater filtration is consisting of two parts: The liquid part and solid part. The solid part is soil 
which can be easily separated using preliminary treatment like bar screens and grease removal. The 
second part is small particles that are removed in the secondary part of primary treatment. The par-
ticles require sedimentation time by utilizing gravitational force to gather as bottom sediment. After 
sedimentation grease is removed and what is left is sludge. This sludge is directed to sludge treat-
ment process. Figure 2. illustrates sludge conveying to the sludge digestion process. (SSWM, 2014.) 
 
  
Figure 2. The primary sludge (PS) is directed to the sludge treatment process. (The original picture 
is shown in Appendix 6.) 
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Figure 3. From left to right: Filtration, Sedimentation. In filtration: solids and liquid move in same di-
rection. In sedimentation: solids and liquid move in opposite direction. (ANDRITZ Centrifuge PDF. 
2014.) 
 
 
3.3 Biological Treatment 
 
3.3.1 Secondary Treatment (Primary Clarifier) 
 
The cleaned water from the primary clarifier is directed to second round, which is called the second-
ary treatment of wastewater treatment. This treatment is part of a biological treatment, where mi-
croorganisms purify water. There are two different phases; the first in an aeration basin and another 
in an anaerobic chamber. Water from the primary clarifier is lead to the aeration basin, where a 
propel or a fan will vigorously aerate the basin all the time. Adding the air in the basin will help bac-
teria to grow in the water by multiplying very rapidly. Those bacteria will eat most of the nutrients, 
which are stored in this wastewater, because wastewater is consisting human waste. The bacteria 
are fed by this method and a certain type of bacteria has to be selected, because the bacteria must 
be able to survive and multiply in condition which contains a lot of air and liquid. (SSWM, 2014.) 
 
 
3.3.2 Secondary Treatment (Anaerobic Phase) 
 
There is another chamber called the anaerobic chamber with microorganisms inside. This treatment 
requires another chamber, because microorganisms are different in this process and the organisms 
require own chamber to update the nutrients anaerobically. The water with microorganisms is set to 
the chamber and microorganisms start activating and handling the process. (SSWM, 2014.) 
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3.3.3 Secondary Treatment (Secondary Clarifier) 
 
The wastewater is five to six hours in aeration basin. After five or six hours the wastewater is di-
rected to another clarifier which is called a secondary clarifier. This clarifier is called a secondary 
clarifier because it is bigger and placed in the secondary treatment. The clarifier‟s wastewater from 
the aeration tank or anaerobic tank starts reacting with the help of bacteria. In this reaction nutri-
ents start to coagulate each other and sediments. Sediment nutrients form a layer at the bottom of 
the secondary clarifier as the sludge, and this sludge is called the secondary sludge. The secondary 
sludge continues to the sludge treatment process in convey pipes, see Figure 4. (SSWM, 2014.) 
 
 
 
Figure 4. The secondary sludge, “waste activated sludge (WAS)” is directed to the sludge treatment 
process. (The original picture is shown in Appendix 6.) 
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3.4 Chemical Treatment 
 
3.4.1 Tertiary Treatment 
 
After the secondary treatment, water is directed to the third layer of wastewater treatment which is 
called tertiary treatment. This treatment method is also called chemical treatment because in this 
part chemicals get rid of bacteria in microorganisms (see Figure 5). Microorganisms have degraded 
their food material which is nutrient in water. That means microorganisms have done their job and 
they must be removed, because if they live in the water, they can be pathogenic for human. The 
chemical process will kill all those microorganisms in tertiary treatment by utilizing chlorination. 
Chlorination can be formal gaseous chlorine, formal liquid chlorine or tablet chlorine. (SSWM, 2014.) 
 
The chlorine concentration must be controlled in this water. Sometimes a high amount of chlorine 
can be tasted in the water. This chlorine can cause damage to humans, because it‟s dangerous for 
any living. For example, humans, animals and planktons are harmed by a small amount of chlorine. 
If a high amount of chlorine is directed to streams, it can damage also fresh water flora. Therefore 
chlorine is removed until nutrients extinct. The UV disinfection is also a good method with chlorine 
disinfection. In order to assure cleaner water, it is considered to use both methods. After disinfec-
tion chlorine must be removed by using a SO2 “sulfur dioxide” method. Sulfur dioxide is very im-
portant clearing method in the treatment. The method is called dechlorination and some alternative 
chemicals can be used for dechlorination such as Na “sodium”, HSO3 “bisulfite” or NaHSO3 “sodium 
metabisulfite”. (SSWM, 2014.) 
 
Figure 5. Mechanical, biological and chemical treatments. (The original picture is shown in Appendix 6.)  
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4 SLUDGE TREATMENT PROCESS 
 
There is a huge amount of solid sediment material in the primary and secondary clarifiers. The solid 
material is sludge, which is stored at the bottom of the primary clarifier and the secondary clarifier. 
This material is directed to sludge treatment process from the primary clarifier as PS (Primary 
sludge) and from the secondary clarifier as secondary sludge or WAS (Waste activated sludge.) 
 
 
4.1 Sludge Features 
 
Primary sludge nutrients are dangerous to process. The sludge is toxic, but with a properly utilized 
process it might end up with a very economic product.  Sludge contains some microorganisms and 
pathogens, emission of CH4 gases, unpleasant odors and some heavy metals. The heavy metals in 
sludge make it a harmful by-product for wastewater treatment plants requiring a proper treatment 
and disposal. Primary sludge and waste activated sludge (secondary sludge) are utilized in the di-
gestion chamber, where sludge produces methane gas, which is used as fuel in the treatment pro-
cess. (M. Von, S. 2007.) 
 
 
4.2 Treatment Process 
 
There are three different process parts in the sludge treatment, sludge digestion, sludge thickening 
and sludge dewatering (see Figure 6). These three parts are the most important treatments in the 
sludge treatment process. Transportation is an alternative process, depending on wastewater and 
incineration plant‟s location. (M. Von, S. 2007.) 
Figure 6. Four processes: Digestion, thickening, dewatering and alternative transportation. (The original pic-
ture is shown in Appendix 6.) 
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4.2.1 Sludge Digestion 
 
The first treatment is sludge digestion. In this process sludge is transported by pipes and pumps to 
the digestion chamber. The purpose of digestion is to reduce the amount of organic matter and dis-
ease-causing microorganisms. Anaerobic digestion is still a long process, it lasts minimum twelve 
days to maximum thirty days in the chamber. In the digestion chamber heat is utilized among bac-
teria which are in the sludge to digest the sludge anaerobically. The anaerobic digested sludge pro-
duces methane gases. Microorganisms which are methanogens utilize carbon sources and generate 
these gases as the result of the process. The methane gas can be utilized as an energy source in 
sludge digestion. Stored methane gas runs fuel generators and fuel pumps in the wastewater plant 
sludge digestion. It is a circulation of the energy in the sludge digestion of a wastewater plant to uti-
lize energy and heat from sludge digestion. (M. Von, S. 2007.) 
 
Aerobic digestion is a process occurring in oxygen. Under oxygen bacteria rapidly consumes organic 
material converting it to carbon dioxide. Aerobic digestion occurs faster than anaerobic digestion but 
consumes more energy. Aerobic digestion requires blowers and pumps to add oxygen in this pro-
cess. These days high technology enables to use natural air in this aerobic process and energy can 
be saved. It‟s up to a user whether time is more precious than money while choosing digestion pro-
cess between aerobic or anaerobic. (M. Von, S. 2007.) 
 
 
4.2.2 Sludge Thickening 
 
Sludge thickening is a process to reduce amount of water in sludge, making sludge thicker. There 
are common types of sludge thickeners, which are called DAFs (dissolved air flotation) or flow type 
of thickeners, shown in Figure 7. Those types of thickeners are inside huge chambers pushing air to 
sludge in very high pressure. Pressure is released to sludge and sludge will flow out of the chamber 
while floating on water. The result is solid and thick sludge leaving watering parts in the bottom. 
Usually sludge thickening occurs before sludge digestion, but in Figure 6 it is after digestion treat-
ment. (M. Von, S. 2007.) 
 
 
Figure 7. Sludge thickening pool. (ENVIROPRO, 2015.) 
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4.2.3 Mechanical methods of Sludge Dewatering and Thickening 
 
Sludge dewatering and thickening in other words sludge drying or separation are particular states to 
remove any wet materials from sludge. The methods to remove water from sludge such are centri-
fuges, filter presses, belt filters, rotatory drums and gravity filter thickening. Sludge dewatering re-
duces the volume of sludge which is transported to next treatment which could be possibly incinera-
tion. 
 
4.3 Polymers 
 
Polymers are large organic molecules, which coagulate with suspended solids to produce large curds 
of solid materials. Polymers in drying improve the process and are used for example, in centrifuges. 
There is a specific polymer feeding system to improve sludge dryness. “Sludge treatment and dis-
posal of sludge can be very costly. It is therefore important that sludge volumes are kept at a mini-
mum with a high dry-solids content to reduce disposal costs.” (Kemira, 2015.) Polymers are used in 
dewatering process and will improve water releasing from sludge. It will help to produce drier mate-
rial and decrease volume of sludge.  
 
 
4.4 Overview Comparison 
 
This comparison in Table 1 is for different sludge dewatering and thickening methods. Centrifuges 
or belt filter presses with gravity belt thickening are used as basic sludge dewatering and thickening 
systems. One major reason those systems are chosen is because the process time and drying time 
is shorter than in any other method. 
 
 
Table 1. IHS 360 price compare to different separation methods. (IHS Engineering 360, 2015.)  
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4.4.1 Centrifuge 
 
In Figure 8 it can be seen a common dewatering system which is a centrifuge‟s helical scroll. The 
centrifuge used in wastewater and in sludge treatment is called a solid bowl centrifuge, where the 
helical scroll pushes sludge in a rotating bowl. Liquid is discharged from the bottom of the bowl and 
solids are discharged at tip of the bowl. Centrifuges are simple solutions for sludge processing. 
 
 
Figure 8. The helical scroll which pushes the sludge,  
ANDRITZ Centrifuge manufacturing in China. (Photo taken in Foshan, Guangdong.) 
 
 
Advantages: 
- Requires minimum space 
- Easy maintenance 
- Lower power consumption 
- Simple and easy solution 
 
Disadvantages: 
- Generates heat 
- Vibration may occur in some operation points 
- May cause noise 
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4.4.2 Skeleton Model Filter press 
 
In the Figure 9 there is a filter press, which is one of the separation methods, that separates solids 
and liquid. The slurry pump pushes sludge inside filter packs and the skeleton model holds those fil-
ter packs together. The filter press slurry pump gives high pressure inside packs and liquid is filtered 
out. After that the packs open and the sludge is collected as cakes to further process. The sludge, 
which is kept inside the cake packs, holds only a specific volume of solids. 
 
 
Figure 9. Skeleton model filter press by ANDRITZ. (ANDRITZ Filter Press, 2015.) 
 
 
Advantages: 
- Can be fully automatic 
- High liquid and solids separation 
 
Disadvantages: 
- Slow compared to other separation methods 
- Requires washing 
- Requires more space than other dewatering systems 
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4.4.3 Belt Filter Press 
 
A belt filter press has two belts and many rollers which give high pressure and keep belts tight. The 
compressed material, in this case sludge, moves between two belts until a scraper knife removes 
dry material from the belt like in Figure 10. Liquid is discharged at the bottom of the machine and 
doesn‟t stay in the belt‟s surface. Filter presses are designed to remove liquid before transportation, 
landfill disposal, further drying or incineration. 
 
 
Figure 10. Belt filter press where sludge is scraped off by scraper “knife” (ANDRITZ PDF 带式浓缩/
脱水一体机. 2015.) 
 
 
Advantages: 
- Easy maintenance and open inspection 
- Quick startup and less noise 
- Long life 
- Low energy cost 
 
Disadvantages: 
- Odor of feed sludge 
- Sharp objects can damage the belt 
- Requires washing 
- High content of grease or oil is a problem 
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4.4.4 Gravity Belt Thickener 
 
The gravity belt is placed before the belt thickener and conditions the sludge by passing through fil-
ter area making the sludge slurry. The sludge material is scraped by the filter screen scrapers and it 
creates sludge trails for water to drain freely. The gravity belt doesn‟t share the belt with the belt fil-
ter press. Figure 11 shows the gravity belt thickener‟s trails. 
 
 
Figure 11. Gravity belt thickener (ANDRITZ PDF 带式浓缩/脱水一体机. 2015.) 
 
 
Advantages: 
- Can be combined with the belt filter press 
- Easy to do maintenance 
- Low energy consumption 
- Quick startup and lesser noise 
 
Disadvantages: 
- Requires a lot of space 
- Sharp objects can damage the belt 
- Odor of feed sludge 
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4.4.5 Rotatory Drum 
 
The rotatory drum‟s separation technique suits well to separate slurries and liquids. The rotatory 
drum working principle is spinning and vacuuming force inside the central duct to separate liquid 
with high solid content. The suction force keeps solids on the dewatering cylinder zone while cylin-
der is spinning. The spinning sludge won‟t be removed until the scraper knife cuts the material from 
the cylinder‟s surface (see Rotatory drum in Figure 12.) 
 
Figure 12. Rotatory drum. (ANDRITZ PDF 带式浓缩/脱水一体机. 2015.) 
 
 
Advantages: 
- A continuous process and low cost 
- A cleaner process when added a showering device 
 
Disadvantages: 
- Vacuum pumps and agitators are required 
- High energy consumption in vacuum pumps 
- Discharged sludge may contain residual moisture 
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5 TYPICAL SLUDGE VOLUME 
 
The typical and approximate sludge MC (moisture content) of 99.5% contains 5 kg dry SS (solid 
sludge). The volume V2 is produced by drying, dewatering or thickening a volume of sludge V1, 
from MC1 to MC2, where Volume 2 can be calculated as follows: 
 
        
       
       
     
   
   
 (1) 
 
where V1 is sludge volume before dewatering, ie. chosen 1m3 
 V2 is sludge volume after dewatering 
 MC1 is moisture content before dewatering 
 MC2 is moisture content after dewatering 
 SC1 is solid content before dewatering 
 SC2 is solid content after dewatering 
 
If the sludge moisture content before drying is 99.5%, the calculated volume after drying to MC 
99% is 0.500 m3. The volume affection can be seen in Table 2, where the previous state of volume 
changes to current state of sludge volume indicating the change by affection percentage. 
 
Table 2. Sludge moisture content and volume content with volume affection. 
Moisture % Volume [m³]  Fixed Volume [m³]  Volume affection 
99,5 1,0000 0,9986 No affection 
99 0,5000 0,4986 50 % 
98 0,2500 0,2486 50 % 
97 0,1667 0,1652 34 % 
96 0,1250 0,1236 25 % 
95 0,1000 0,0986 20 % 
94 0,0833 0,0819 17 % 
93 0,0714 0,0700 15 % 
92 0,0625 0,0611 13 % 
91 0,0556 0,0541 11 % 
90 0,0500 0,0486 10 % 
89 0,0455 0,0440 9 % 
88 0,0417 0,0402 9 % 
87 0,0385 0,0370 8 % 
86 0,0357 0,0343 7 % 
85 0,0333 0,0319 7 % 
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Chart 1. Sludge volume as a function of moisture content. 
 
Chart 1 indicates the huge sludge volume reduction, when dewatered from MC 95.5% to 85%. The 
sludge volume requires fixed volume calculation to indicate the more accurate sludge volume. 
The fixed volume is calculated as follows: 
 
    
  
   
  
            
  
  (2) 
 
where Wρ = Water density [1000 kg/m3] 
 DSρ = Dry sludge density [1400 kg/m3] 
 SS = Solid sludge content [5 kg/m3] 
 
If the sludge moisture content is 99.5%, the calculated fixed volume Vf is 0,9986 m3 and if the 
sludge moisture content is 99%, the fixed volume Vf is 0,4986 m3. 
 
The volume of the sludge is decreased by huge amount at certain point. Dewatering sludge from 
99.5% to 95% reduces approximately 90% of the volume making it easier to transport. In Table 3 
the sludge moisture content and volumes are shown by 10% moisture change. The affection is 
compared by reducing current moisture content by 10%. 
 
Table 3. Sludge dewatering 10%  
 
 
 
 
 
 
 
 
 
  
Moisture % Volume [m³]  Fixed Volume [m³]  Volume affection 
80 0,0250 0,0236 51 % 
70 0,0167 0,0152 35 % 
60 0,0125 0,0111 27 % 
50 0,0100 0,0086 23 % 
40 0,0083 0,0069 19 % 
30 0,0071 0,0057 17 % 
20 0,0063 0,0048 16 % 
10 0,0056 0,0041 14 % 
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6 SLUDGE TREATMENT ALTERNATIVES 
 
Sludge utilization and competition depends on environmental outcome. It is always favorable to use 
the most effective and environmental friendly way to dispose sludge. The benefits from most high-
technology solutions are listed in the sludge pyramid in Figure 13. 
Figure 13. Sludge disposal alternatives. (China Greentech, 2011.) 
 
 
Table 4 represents sewage sludge treatment and disposal costs by RMB/ton sludge. The table is sorted from the 
lowest cost to the highest cost where landfill is the most popular and is a cheap method compared to incineration. 
Incineration as sludge disposal should raise huge interests due to volume reducing and not causing landfill prob-
lems. (B. Raninger, R. Li, 2012.) 
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6.1 Sludge Reuse as Building Material 
 
China is growing rapidly and the demands of cement in industrial use have increased. The way to 
reduce environmental damage of cement production is called “green cement”. This method is the 
Chinese government‟s one of the top research priorities. The most increasing need of cement indus-
tries are growing in China. The estimated worldwide growth from the current situation is doubled 
amount of cement by the beginning of 2030 year. 
 
Sludge benefits as using it as a resource to produce cement, ceramic cubes or bricks vary on its 
dryness. The sludge must be dried and the initial investment depends on the cost of dewatering and 
drying equipment. In China, green cement projects, for example in Beijing Cement‟s sludge to ce-
ment project, have become an economic failure. High investment costs are typically the reason. 
Whether there is a low investment cost, the sludge as building material won‟t overcome its quality 
barrier. This requires further development in quality until sludge cement benefits can be utilized. 
(China Greentech, 2011.) 
 
 
6.2 Sludge as Natural Gas 
 
This method is usually used in treatment plants, whether there is a greater need of energy in treat-
ment plant or the consumers need more energy. Whether all of the China‟s 30 million tons of sludge 
were treated anaerobically, it would produce 2.5 billion cubic meters methane gas. That amount of 
methane gas could generate 4 billion kWh of electricity (4,000GWh; 4TWh) and reduce carbon 
emissions annually by 15 million tons. On the other hand, processing huge amount of sludge re-
quires large degradation chambers (see Figure 14). The degradation chamber, where the process 
takes long time and is difficult to implement, processing heat for power use depends on organic lev-
els in sludge. Low organic level affects biogas quality, volume and may cause methane releases. 
(China Greentech, 2011.) 
 
 
Figure 14. Anaerobic digestion in Hangzhou, where sludge is producing biogas. (Asian Development 
Bank, 2012.) 
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6.3 Sludge as Landfill 
 
Sludge is regulated to be hazardous waste. Untreated sludge pollutes groundwater, infiltrates soil 
and releases methane gases into atmosphere. Therefore sludge disposing as landfill is the least at-
tractive method. Sludge disposal as landfill is a popular, easy and low cost method even though it 
has health and environmental impact in China. To fulfill regulations and the government‟s approval, 
the sludge water content must be below 60% in order to dispose sludge safely. (China Greentech, 
2011.) 
 
 
6.4 Sludge Incineration 
 
Sludge as incineration treatment can produce electricity and heating. Incineration doesn‟t require so 
large space compared to landfilling. Therefore China uses sludge incineration as quick solution in-
stead of landfill disposal, which causes huge amount of soil emissions. On the other hand incinera-
tion requires sludge to be dried and the energy efficiency is low due to its low calorific content. 
Some sludge incineration plants use coal or oil as auxiliary fuel to increase heating output. This in-
cineration produces residues such like flue gas, which raises air pollution problems. Ash residues can 
be utilized to activated-carbon absorbents or bricks. (China Greentech, 2011.) 
 
 
6.5 Sludge as Fertilizer 
 
Sludge use as fertilizers means it is utilized for garden or agricultural use. Sludge in fertilizing utilizes 
sludge‟s own nutrients such as nitrogen and phosphorous. It is a very economic method to reuse 
nutrients. There isn‟t any right method to completely process sludge, but the use of fertilizer is com-
ing even more popular since it is cheap treatment compared to incineration. In addition this sludge 
must still be treated properly or there is a risk of soil pollution. Toxins and other pollutants must be 
removed to prevent any emission issues. However, industrial sludge cannot be used as fertilizer due 
to its high heavy metal content. (China Greentech, 2011.) 
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7 INCINERATION AND WASTE MANAGEMENT 
 
IWM (Integrated Waste Management) idea is to safely handle municipal solid waste. One part of 
this is to handle municipal solid sludge. The most favorable method for waste disposal is reduction 
and the least desirable is landfilling (see Figure 15). Separating any renewable materials or anaero-
bic digestion are more important than incineration, even though incineration can reduce waste vol-
ume up to 90% and weight 75%, and also eliminate hazardous substances such as toxic chemicals 
and pathogens. The industrial waste and sludge contains more toxic substances compared to munic-
ipal sludge and cannot be recycled. Therefor it is desirable to incinerate any kind of industrial waste. 
Whether the waste contains huge amount of mixed organic material or wet food waste, it should be 
examined for anaerobic digestion possibilities. 
 
 
 
Figure 15. Pyramid for waste treatment; Source reduction, disposal, recycling, recovery and reuse. 
(Beat, S., Dorothee, S. 2012.) 
 
 
7.1 Incineration 
 
Sludge incineration technology in Europe cannot be copied to China because municipal sludge in 
China contains more wet materials compared to European sludge. The wet materials are often huge 
amount of kitchen wastes. Municipal waste, for example, mixture of toilet waste requires much more 
energy to incinerate, which causes the requirement of sludge, which must be dryer than in Europe.  
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There are three types of huge scale incineration techniques: fluidized bed incineration, modular in-
cineration and mass-burn incineration. Sludge incineration can be incinerated with other waste ma-
terials such as household wastes. The incineration destroys all sludge contaminant features so it 
doesn‟t cause soil emission problems in treatment. The other major reason for sludge incineration is 
the huge amount of sludge produced in WWPs and scarcity of landfill to dump the sludge. That is 
why sludge incineration has come more popular in China.  
 
Many existing plants use coal or oil as auxiliary fuel to produce heat and power to grid in China. In 
Figure 16 sludge is integrated with waste as combined incineration. There is an example of a com-
bined waste incineration plant, which is Likeng incinerator plant. The Likeng plant in Guangzhou 
burns 1000 tons a day municipal waste and coal. The waste contains 70% of water. The huge water 
content can be explained by the huge amount of food materials or household garbage. The facility 
generates 320 – 350 MW power and 80% of that is exported. The incineration design and operation 
comes from Veolia and Veolia claims to be the leading water supply, wastewater, waste manage-
ment, energy and transport company in China. The Likeng incinerator has made dramatic public 
concerns in environmental sector (IPEN and Green Beagle, 2015.) Burning coal and waste have 
caused air pollution problems; water is not drinkable for local people causing health problems and 
many people consider leaving the area. There were two emission data tests about dioxin, but both 
failed EU2000 limits. The estimations on huge polluting occur because “techniques and obligations 
to implement a relevant international treaty are ignored”, and “China needs a functioning polluter 
pays system so that polluting facilities are not simply externalizing their costs onto the population”, 
(IPEN and Green Beagle, 2015.) Incineration is huge question whether it‟s chosen to be the sludge 
and waste disposal method, because of emission control.  
 
 
 
Figure 16. In this picture sludge acceptance and the sludge is directed to storage, then transported 
to combustion chamber. The sludge can be integrated with household rubbish and incinerated. 
(Beat, S., Dorothee, S. 2012.) 
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7.1.1 Mass-burn Incineration 
 
Mass burn incineration can accept little processed waste, although this method is convenient and 
flexible. The method separates household hazardous wastes and recovers certain materials such as 
iron scraps in order to ensure environmental protection. Its incineration capacity ranges from 50 to 
1000 tons per day by each incineration units. Mass burn incinerators usually have two or three in-
cineration units, where incineration is over 1500˚C degrees and the total facility capacity ranges 
from 100 to 3000 tons per day. Usually the mass burn incineration technique is good at reducing 
volume, but there are issues for any kind of incineration. The location must be suitable and usually 
it‟s placed near industrial areas, because people don‟t want to live near incineration plants. Incinera-
tion facilities are usually expensive to build, ranging from 100 – 300 USD per ton of waste disposal. 
In addition, mass burn incinerators cause huge concern for emission and producing ash and hazard-
ous substances, which require specific landfill area for disposal. 
 
The mass burn incineration process is shown in Figure 17.  “Waste is tipped into a holding area (1) 
where it is picked up by grabs and dropped into a hopper (2). The waste is pushed gradually into 
the incinerator (3) which runs at a temperature of 750 °C. Heat from the burning waste is used in a 
boiler (4) and steam from this is piped to a turbine generator to create electricity. The heaviest ash 
falls into a collection point (5) and is passed over with an electromagnet to extract metal content for 
recycling. Flue gases containing fine ash then pass through a scrubber reactor (6) to treat acid pol-
lutants such as SO2 and also dioxins. The gases then pass through a fine particulate removal system 
(7) and are released through the chimney stack (8)”. (Beat, S., Dorothee, S. 2012.) 
 
 
 
Figure 17. Mass burn incineration and processing waste materials. (Beat, S., Dorothee, S. 
2012.) 
  
  
33 
 
7.1.2 Fluidized-bed Incineration 
 
In fluidized bed incineration air distribution system‟s combustion air passes sand or limestone layer, 
which can keep high temperature inside. The fuel is mixed to bed material, which will cause the 
combustion in furnace. Air velocity and bed material start behaving like fluid and the fluid starts 
bubbling. The term fluidized comes from bed heating and increasing air velocity, which causes the 
bed to bubble (see Figure 18). There are two suitable municipal solid waste incineration techniques 
for fluidized bed incineration: A bubbling bed and a circulating bed boiler. The differences vary be-
tween bed material and air flow with impact of the wastes that can be burned. Some fluidized beds 
include an energy recovery system and a heat transfer. (Beat, S., Dorothee, S. 2012.) 
 
Figure 18. ANDRITZ BFB (Bubbling Fluidized Bed). (TAPPSA, 2009.) 
 
A BFB and CFB can burn more than coal as fuel in incineration (see figure 19). The fuel benefits 
vary on incineration temperature, which is usually between 750˚C - 900˚C. The lower temperature 
compared to other incineration technologies has such benefits as lower NOX and SOX production, 
lower air pollution, less area requirements, better combustion efficiency and heat transfer. 
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Figure 19. Combustion process. Bubbling bed on the left side and circulating bed on right side. (Beat, S., Dorothee, 
S. 2012.) 
 
7.1.2.1 Mono-Combustion and Co-Combustion 
Generally co-combustion can accept any burnable material in co-incineration. Commonly, coal or oil 
is used as auxiliary fuel in co-combustion. Sometimes wood or agricultural waste is added in the 
combustion process. The amount of auxiliary fuel depends on sludge‟s quality. Important features 
are moisture content and sludge content, e.g. what material sludge includes. 
 
Mono-combustion is usually a simple designed structure. It‟s meant to destroy sludge without utiliz-
ing energy recovery, because the heat value doesn‟t reach required calorific values. Whether sludge 
is digested its calorific heat value is getting even lower and it doesn‟t suit for heat recovery. The 
typical calorific heat value for sludge DS is about 3 MJ/kg. Heat values are listed in the Appendix 5. 
In the Shidongkou incineration plant dewatered and dried sludge has 11.6 MJ/kg, where sludge isn‟t 
digested. Commonly sludge heat value depends on sludge material content and organic matters in 
sludge. (Beat, S., Dorothee, S. 2012.) 
 
The minimum acceptable heat content requirement for hazardous waste is from 5,000 Btu/lb (= 
11.629 MJ/kg) to 4,000 Btu/lb (=9.304 MJ/kg) for wastes with "significant organic content. (Michael, 
S. 1994). The minimum acceptable heat value creates a conclusion in Shidongkou incineration plant, 
which burns sludge with minimum heat value requirement, which is between 11.6 - 9.30 MJ/kg. 
Lower heat values require auxiliary fuel to maintain heat production in incineration. 
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7.1.3 Modular Incineration 
 
Modular incinerators, also known as moving grates, are usually used in industrial operation. The de-
sign gives shorter construction time which is its advantage. One incinerator can burn approximately 
5 to 120 tons of solid waste and typical modular incineration facilities have one to four incineration 
units. Typically modular incinerators have two chambers for combustion. The first chamber inciner-
ates solid wastes and the second incinerates gases which are generated in the first chamber. Gases 
flow to the second chamber afterburner from the first chamber as can be seen in Figure 20. (Beat, 
S., Dorothee, S. 2012.) 
 
 
Figure 20. Modular combustion chamber. (Beat, S., Dorothee, S. 2012.) 
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8 SUPPORTERS AND EVENTS 
 
Sludge dumping as landfill has infected underground water resources in China. Many organizations 
are against this sludge treatment method and possible protectors are Ministry of Water Resources 
the People‟s Republic of China. The Chinese government is one of the most important supporters 
and most projects are started by the government‟s support or investment in public energy and envi-
ronmental sector.  
 
A list of governmental authorities that increase sludge business possibilities in China: 
- MOHURD  - Ministry of Housing and Urban-Rural Development 
- NDRC  - National Development and Reform Commission 
- MOEP/MEP - Ministry of Environmental Protection 
 
 
8.1 13th Five Year Plan 
 
13th FYP will take place between years 2016 – 2020. It is unknown which key factors are chosen as 
sludge disposal future views. The key factors are financing, fees or tariffs, quality and standards 
with supervision and monitoring, plants to execute at city level as integrated solution, choosing ap-
propriate techniques or selecting solutions, increasing public awareness and knowledge. 
 
The next FYP will be implemented as following: 
- STEP 1:  December 24, 2014 Review of 12th FYP 
- STEP 2: January 15, 2015 NDRC selects the main research areas 
- STEP 3:  February 15, 2015 NDRC creates general guidelines, work schedule 
- STEP 4: October 15, 2015 Consultative draft will be developed 
- STEP 5: October 18, 2015 Communist Party of China CPC meeting on the 5th plenary session 
- STEP 6: January 15, 2016 National experts discuss about 13th FYP draft 
- STEP 7: February 15, 2016 The 13th FYP draft will be finished 
- STEP 8: February 15, 2016 Premier Li Keqiang collects opinions from social media 
- STEP 9: March 14, 2016 The 13th FYP will be submitted and accepted 
- STEP 10: March 15, 2016 The 13th FYP will be implemented in China 
(Environmental Performance Index, 2015.) 
 
After the last step, sludge disposal future views and regulations will be announced for public use 
and can be utilized in sludge business markets. 
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9 BUSINESS 
 
Many foreign companies are in a good situation taking advantage of China‟s air pollution and 
wastewater opportunities. “As for European countries, they have the advanced technology and high 
safety standards needed in a green economy. They also have environmental protection technology. 
During China‟s transition, it will need to import materials and technology from Europe. So that tran-
sition won‟t have a big impact on Europe, there‟ll just be a change in where the growth comes 
from.” (Zhang, C., Xu, N. 2014.) The market opportunities should represent huge potential by given 
estimation the 22 to 30 million tons of sludge is discharged annually from WWP‟s. 80% of the 
sludge is untreated and the raw sludge from wastewater plants is usually 97% - 99.5% MC (see Ta-
ble 5). 
 
 
9.1 Calculations on Business Opportunities in Boiler Sales 
 
Whether 22 000 000 to 30 000 000 tons of sludge is produced each year in China, it represents ap-
proximately 26 000 000 tons of sludge produced a year. 80% of the sludge is untreated sludge and 
the average MC of untreated sludge from WWP is 98.25%. The rest 20% is treated sludge (for ex-
ample dewatered or thickened sludge) and MC estimation is 60%, which is ready to be burned with-
out any treatment.  
 
 
Table 5. The moisture and volume contents of sludge, where raw sludge MC from WWP‟s is between 
97% and 99.5%. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Moisture % Volume [m³]  Fixed Volume [m³]  Volume affection 
99,5 1,0000 0,9986 No affection 
99,25 0,6667 0,6652 33 % 
99 0,5000 0,4986 25 % 
98,75 0,4000 0,3986 20 % 
98,5 0,3333 0,3319 17 % 
98,25 0,2857 0,2843 14 % 
98 0,2500 0,2486 13 % 
97,75 0,2222 0,2208 11 % 
97,5 0,2000 0,1986 10 % 
97,25 0,1818 0,1804 9 % 
97 0,1667 0,1652 8 % 
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Huge scale incineration plants can process 200 tons of sludge each day and a small scale incinera-
tion plant would burn approximately 100 tons sludge each day. The estimation is created on sludge 
incineration, where sludge incineration will be increased by 3.5% each year. The sludge burned an 
in incineration plant would be 60% MC. The Appendix 2, 3 and 4 describe how ANDRITZ offers dif-
ferent sludge incineration solutions with 65% MC. The 5% MC between designed and calculated MC 
value is noticed as a safety marginal in this case. 
 
 
UNTREATED SLUDGE 
 
The total amount of China‟s sludge is 26 000 000 tons produced annually, where 80% is untreated 
sludge and the approximate MC of that sludge is 98.25% with volume of 0,3319m³. The sludge with 
MC of 98.25% must be dewatered to sludge with MC of 60%, whether the sludge is incinerated. 
From that untreated sludge the potential amount of small scale incineration plants needed with 
3.5% increased incineration for one year is calculated as follows:  
 
    
        
    
       (3)  
 
where X1 is amount of incineration plants needed with untreated sludge 
   is sludge volume [  ] 
Vr is sludge volume rate change from V1 to V2 
   is sludge treatment rate of total amount of sludge [ ] 
Ii is increased incineration potential [%] 
Y is amount of sludge a single plant can treat a day [tons/d] 
 
when Tr = 80% 
Vr = 
        
           
  
        
        
       
  Y = 100 
    
   
 treatment 
 
With untreated sludge and values of Tr, Vr and Y given above, the amount of incineration plants 
needed is calculated in Formula 3, which gives the estimation 0,78 (rounded up to 1) incineration 
plant needed annually. 
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TREATED SLUDGE 
 
The total amount of produced sludge in China is 26 000 000 tons annually, where 20% is treated 
sludge and the approximate MC of that sludge is 60% with volume of 0,0111m³. This sludge with 
MC of 60% doesn‟t require any dewatering or treatment, whether sludge is incinerated. From the 
treated sludge the potential amount of small scale incineration plants needed with 3.5% increased 
incineration for next year is calculated as follows:  
 
      
     
    
       (4) 
 
where X2 is amount of incineration plants needed with treated sludge 
  
when  Tr = 20% 
Y = 100 
    
   
 treatment 
 
With treated sludge and values of Tr and Y given above, the amount of incineration plants needed is 
calculated with Formula 4, which gives the estimation of 4,99 (rounded up to 5) incineration plants 
needed annually.  
 
 
CONCLUSION 
 
Adding together X1 and X2, the sludge incineration requires approximately six plants to be built an-
nually in China. Assuming every incineration plant requires only a single boiler to incinerate sludge 
with incineration capacity ranging from 100 tons to 200 tons a day, the following conclusions are 
created: 
 
In the best case it would require approximately six small scale incineration plants (100 tons of 
sludge disposed in incineration per day) to be built in China annually. 
- During ten year period the incineration plant building includes 29 huge scale plants (200 tons of 
sludge incinerated a day), whether incineration growth is 3.5% a year. 
 
In the worst case the estimation must also be changed according 3.5% incineration to potential 
growth during the next 13th FYP. This would represent a potential of three incineration plants with 
200 tons of sludge treatment capacity during next FYP. 
- During ten year period the incineration plants building includes six huge scale plants (200 tons 
of sludge incinerated a day), whether incineration growth is 3.5% during one FYP. 
  
40 
 
9.2 Participants in Sludge Business 
 
The lack of government enforcements and a comprehensive policy have slowed down the sludge 
business. Sludge discharge has grown 5% annually and rapid building of new wastewater treatment 
plants has grown the amount of residual sludge. Wastewater industries are using the cheapest 
method to discharge sludge as landfill or non-dewatered landfill. 
 
The sludge and incineration business depends on four different major factors, as can be seen in Ta-
ble 6. There are all the stakeholders, which must be taken into account. The most important stake-
holders are: technology providers, technology buyers, central government regulators and local level 
regulators. 
 
Technology providers do co-operation with various stakeholders and develop more efficient water 
and sludge management solutions to minimize sludge discharge costs from wastewater plants. Pro-
viders should contribute more analysis and data to give alternative sludge low cost solutions and re-
ports. 
 
Technology buyers co-operate with technology providers in wastewater and sludge treatment at the 
design phase to figure out best solutions. Technology buyers can co-operate with the local govern-
ment to find possible funding to safe sludge treatment in China. 
 
Local level regulators give enforcements to sludge treatment and promote long term environmental 
friendly cost management. Local regulators set wastewater and sludge treatment fees considering 
sludge disposal promotion in an economic way. 
 
Central government regulators can give regulations and enforcements on higher efficiency in sludge 
treatment solutions and strengthen sludge treatment policies. Central government regulators can al-
so promote and invest projects around China to treat sludge more environmentally friendly. 
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Table 6. Stakeholders in this table. (Lingnan, H. 2011. pp. 36-37.) 
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10 THE CHINESE GOVERNMENT AND PROJECTS 
 
”International best practice views sludge as a resource, but in China this is in its infancy, with 80% 
sent to landfill. New government policies set national goals of treating 70% sludge in large cities 
and 50% in small cities by 2015. The Chinese government plans to invest RMB 31.2 billion in sew-
age sludge treatment”, (Mark, H. 2013.) 
 
From 2000 to 2010, wastewater collection and treatment has raised from 34% to 70%. Chinese cit-
ies are facing challenges because of increasing amount of sludge. The landfill area is getting smaller 
and smaller, and still huge amount of sludge is dumbed as landfill. The Chinese government wants 
to support 12th FYP by investing RMB 421 billion to establish wastewater treatments as additional 
treatment. 7.5% of that (RMB 31.2 billion) will be invested to sewage sludge treatment. The next 
FYP should represent the same amount of government support. (Mark, H. 2013.) 
 
 April 9, 2013 some cities were already planning investing in facilities such as: 
- Foshan sludge treatment center – RMB 130 million 
- Wuhan 2020 eight sludge disposal centers – RMB 1 500 million  
- Shanghai landfill sludge from 86% to 7% by 2020 
- 11 Sludge treatment projects in: Bailonggang, Shidongkou, Zhuyuan 
- Cement production facilities that are under construction in Bailonggang 
 
The Ministry of Environmental protection (MEP/MOEP), the Ministry of Housing and Urban-Rural De-
velopment, P. R. China (MOHURD) and the Ministry of Science and Technology promoted sludge uti-
lization practices by publishing “Policy on Sludge Treatment and Pollution Prevention Technology in 
Urban Wastewater Treatment Plant.” These plans showed PRC‟s support for sludge utilization and 
for having cleaner future with environmental protection. In 2009 MOEP and MOHURD published 
regulations and policies such as: “The Technology Policy of Pollution Prevention and Control for 
Treatment and Disposal of Sewage Sludge”. In 2009 MOEP published “Best Available Techniques Di-
rective for Treatment and Disposal of Sludge from WWTP”. MOHURD haven‟t forced any beneficial 
sludge utilization regulations but it has highly recommended and encouraged to reuse and recover 
sludge energy resources.  (Victoria, B. 2011.) 
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10.1 Old Projects 
 
There are some potential sludge treatment solutions, but those require high-technology sludge 
treatment and high investments. There are some small investment projects which have caused fail-
ures. The lack of financial aid has caused these problems in the sludge treatment sector. Some pro-
jects with problems in sludge processing are listed below. Furthermore in these projects, proper de-
sign capacity and cost estimation are keys to successful projects: 
 
 
- Beijing Cement Plant Green Cement Sludge Treatment 
o This project was top 10 sludge treatment projects in China. The project idea was to turn 
sludge into cement, but some technical issues have caused quality and environmental 
problems. This green cement project runs production under its designed capacity with 
loss. 
 
- Shanghai Shidongkou Sludge Treatment Plant 
o The project is the first full sludge drying incineration plant. The plant started operation 
in September 2005 and it processes 220 t/d of dry sludge with thickening, dewatering, 
fluidized bed drying and incineration. The incineration technology comes from ANDRITZ, 
but the plant operates at half of its designed capacity. Problems resulted from inten-
tionally undersized design in incineration. The experts have estimated also higher sand 
percentage in sludge which causes higher costs in maintenance. 
 
- Sludge Treatment Plant Guangzhou Gede 
o Guangzhou Gede was intended to process sludge into bricks. The project with Guang-
zhou Gede and BOT was one of the top projects in the world in 2004. The treatment 
operation in Guangzhou Gede has halted and it‟s storing sludge while requesting aid 
from the government. The experts have estimated that small equipment capacity, poor 
management and total capacity have caused failure in this plant.  
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10.2 Sludge Regulations 
 
In Table 7 it can be seen PRC government sludge regulations that are related to sludge manage-
ment (Victoria, B. 2011.) 
 
Table 7. Sludge regulations. (Victoria, B. 2011.) 
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11 ENVIRONMENT 
 
“In January 2013 China‟s government actually banned the use of wastewater and sewage sludge in 
agricultural use. Reportedly, municipal wastewater contaminated by industrial sources, has resulted 
in sludge from Chinese treatment plants being too contaminated with toxic chemicals and heavy 
metals to be reused as fertilizers on land” (Mark, H. 2013.). Untreated sludge causes severe ground 
water pollution and contains heavy metals, chemicals, pathogens making it not suitable as untreated 
landfill. 
 
 
11.1 Energy from Waste 
 
The Central People Government of the People‟s Republic of China estimates that there are huge op-
portunities for Energy from Waste (EfW) industries. Until May there are 178 EfW plants in China, 
with waste disposal capacity of 166,000 tons/day. At the end of current FYP there are 400 EfW 
plants in China and it is estimated that 1000 EfW plants will be in China in the future. The invest-
ment requires RMB 500 billion. 
 
MEP has announced public service projects in MEP‟s media news: 
- 9.2.2015 MEP announced Beijing is struggling against mounting waste and requires three new 
waste incinerators to burn waste.  Incineration will be the major way dealing with waste and 
Beijing is ready to dig out landfill waste and burn it. Burning the waste reduces 90% of landfill 
space requirement. 
 
 
11.2 Sludge Solutions 
 
Many good approaches worldwide are only pilot scale or on small scale projects. But, for example, 
Hangzhou full scale sewage sludge incineration burns sludge with resultant ash being used by near-
by cement plant. This also occurred in Jiaxing sludge incineration plant and the method can be a 
clever usage of sludge and ash. 
 
Sludge incineration is one of the answers if sludge disposal area as landfill is scarce. Thereby it in-
creases the attractiveness of sludge incineration. Another method is to combine municipal solid 
waste incineration together with municipal solid sludge incineration. (Asian Development Bank, 
2012.) 
 
Incineration Advantages: 
- No landfills 
- Solid waste volume reduced by 90% and weight by 75% 
- Waste-to-energy principle 
- Recovers ferrous metals for recycling 
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Incineration Disadvantages 
- High investment costs 
- A risk of emission danger for the humans and environment 
- Loss of organic substances 
 
 
For the optimal incineration situation, these are requirements: 
- The material has sufficient energy content 
- Nearby energy markets 
- The facility fits with other MSWM system 
- No landfill space making incineration profitable 
- Controlled emission air pollution 
 
Figure 21. China water scarcity areas 2012. (Water Availability, 2000.) 
 
China water scarcity areas (see figure 21) can be inferred as possible sludge incineration business 
due to sludge disposal as landfill contaminates soil and land area scarcity makes sludge incineration 
a fast solution for sludge treatment problems and stops soil contamination. Table 8 shows the 
sludge technical disposal to represent carbon footprints by different methods. Some areas such as 
Shanghai are planning to reduce sludge disposal, currently 86% to 7% by 2020. There isn‟t any 
confirmation which technology is chosen, but financial support is entirely from Shanghai regional 
government. The wastewater plants don‟t have any extra fee in wastewater tariff for sludge dispos-
al; therefore investment must be done by regional government authorities.  
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11.3 Emission Business 
 
Chinas project aims to improve air quality by 2017 in the entire country. The project‟s key cities are 
Beijing, Shanghai and Guangzhou where coal consumption will be controlled. The plan is to increase 
2012 – 2017 non-fossil fuels from 9.1% to 13%. (Barbara, F. 2013., Barbara, F. 2014.) The reduc-
tion of coal incineration can be a potential sludge drying business as lower coal consumption by of-
fering sludge and coal as auxiliary fuel incineration for energy producing or alternatively fully dried 
sludge incineration such as Shidongkou sludge incineration plant. Shidongkou WWTP and fluidized 
bed incineration system have been established in Shanghai 2005. It‟s the first fully dewatering and 
drying sludge incineration plant in China. The plant can treat approximately 200 t/d solid sludge to 
produce heat and electricity.  
 
 
11.4 Sludge Incineration Emissions 
 
Sludge incineration causes some emissions such as flue gas and different oxides. In Figure 22 it can 
be seen direct emission effects by sludge drying and incineration. The drying with incineration caus-
es more emission directly than landfill fertilizer disposal.  
  
 
The most typical emissions incineration causes: 
 
- Nitrogen oxides (NOx), which depend on local sewage characteristics and are formed in result of 
oxidation.  
 
- Carbon monoxide (CO), which is formed when insufficient or high amount of oxygen is in incin-
eration reaction. The result is lower temperature and that the combustion isn‟t pure.  
 
- Sulfur dioxide (SO2), that is similar to nitrogen oxides. It depends on local sewage characteris-
tics and is formed in result of oxidation.  
 
- Particulate matter, which depends on incinerator, moisture and volatiles.  
 
- Ferrous metals, those are in sludge metal content or volatilizes in incineration.  
 
- Metals, which are typically mercury and heavy metals.  
 
- Hydrocarbons are unburned matters, which are formed as an end result of incineration process. 
(Solid Waste Disposal, 2010.) 
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Figure 22. Greenhouse gas emissions of different sludge management options. (Asian Development Bank, 2012.) 
 
 
Table 8. Sludge carbon footprints with best techniques available. (Asian Development Bank, 2012.) 
 
 
11.5 Tracking 
 
There are no continuous data about sludge utilization. The next step for sustainable development 
and emission reduction is to gather data and records about land application, landfilling and incinera-
tion. The database would keep companies and government updated about risk locations and focus 
more developed disposal methods. Creating the database requires a policy from MOHURD or PRC to 
make every single WWTP to analyze their disposals and keep them in updated form. In Table 9 
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PRC‟s beneficial sludge disposal methods are listed. It‟s necessary to have strict regulation; other-
wise the data creation wouldn‟t occur in the future. Some sanctions and credits would be applied by 
this tracking database. Whether disposal is not following PRC or MOHURD tracking policies, the 
WWP would receive some sanctions. The fear of sanction would keep tracking continuous. 
 
The finance of the sludge tracking data-system is a challenge. Wastewater plants have to raise their 
fees in order to keep tracking systems alive or alternatively government financing is needed. But the 
major problem is whether WWPs are ready to increase their fees or whether water consumers are 
ready to pay more for clean water. In order to develop cleaner future and the sludge tracking data 
system, the extra fee would be in high demand to keep up the system and maintain it. 
 
Table 9. Sludge treatment comparison on governmental aspect. (Asian Development Bank, 2012.) 
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12 COMPETITION 
 
The 13th FYP should be years 2016-2020 green energy sectors rapid growth. Some Chinese cities 
are getting boosted by green ecological energy. There is a scope for tens of billions RMB worth 
growth in environmental protection companies. It has been estimated that the European technology 
will be exported for Chinese industrial use, because European countries have more advanced tech-
nology and higher safety standards. The 13th FYP estimation in China is more focused on increasing 
wind and solar power, but the problem has been its hard implementation to the huge grid. The 
sludge incineration has competes with renewable energy sources, but on the other hand sludge in-
cineration gets rid of sludge disposal problems. (Zhang, C., Xu, N. 2014.) 
 
Whether sludge disposal problems as landfill cannot be solved, its incineration comes in high de-
mand due to its high material reduction capacity, which can be up to 90%. Sludge treatment as a 
fertilizer is becoming a more popular solution, if the Chinese government enforces strict sludge dis-
posal regulations although sludge incineration in huge scale has more beneficial influences including 
heat and energy recovering. There isn‟t exactly an accurate answer for the views of sludge incinera-
tion future, but considering money as the most powerful inducement, the sludge disposal shall meet 
its requirements as incineration with coal as auxiliary fuel. In Appendix 1 is listed the possible coal 
fired plants which could add sludge as auxiliary fuel, while the Chinese government is reducing coal 
consumption. This is a business opportunity in China to maintaining energy output as the same. Be-
cause coal burning has to be reduced, some alternative fuels must be added and energy production 
must stay stable. This method isn‟t reducing any emission disasters, but utilizes sludge for clever 
usage. Sludge incineration with coal increases pollutant emissions and requires flue gas cleaning 
systems compared to fertilizer use. The investment for this is too high and plants are not ready for 
the costs. Whether emission regulations are strict, sludge disposal shall meet its fertilizer require-
ments for agricultural use. 
 
 
12.1 Companies and Sharing 
 
“Capitalizing on global leading market vision, innovativeness, and operation management to lead 
solid waste industry to prosperity” (Solid waste summit, 2014). Solid waste summit is linking togeth-
er project owners, technology providers, investors, and developers. Solid waste summit offers 
knowledge sharing, long term waste management and pollution control by studying legislations and 
policies in China and around the world. The last meeting “5th solid waste management summit 
2014” was held 11-12 June, 2014 in Shanghai. Table 11 and 12 represent wastewater sectors. 
Those can promote waste water and sludge treatment activities. There is an estimation about more 
than ten water and sludge treatment companies and more than 20 energy from waste operators in 
China. (Solid waste summit, 2014.) 
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According to Environmental Xperts website, there are 152 companies around the world that can 
both treat sludge and incinerate it. (Environmental Xperts, 2015.) From those 152 companies, Veolia 
is the most well-known water supply, wastewater, waste management, energy and transport service 
in China. Since Veolia is the most known company around China it‟s a huge business competitor in 
sludge business and incineration markets. 
 
MOP has awarded announcement and praised Veolia‟s long term relationship with the People‟s Re-
public of China and since Veolia claims to be leading water & WWP treatment organization, it can of-
fer these services:  
- Physical/Chemical Process (WWP) 
- Biological Treatment (WWP) 
- Anaerobic Wastewater Treatment (WWP) 
- Filtration and Separation (competition with ANDRITZ) 
- Headworks (grit and grease removal, screening) 
- Extraction (remove hydrocarbons from water) 
- Membrane-Based Technologies (membrane systems) 
- Evaporation and Crystallization (recover by-products and reduce volume) 
- Biosolids and Bioenergy (solar sludge drying, hydrolysis, incineration, competition with AN-
DRITZ),  
- Water Treatment Chemicals (WWP) 
- Mobile Water Treatment (WWP). 
(Veolia, 2015.) 
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Table 11. Organizations in wastewater sector, those can promote waste water and sludge treatment activities 
(Lingnan, H. 2011. p. 24.) 
  
Table 12. Universities in wastewater sector, those can promote waste water and sludge treatment activities 
(Lingnan, H. 2011. p. 25.)  
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13 PATENT IDEA 
 
This information contains secret materials and hinders the person to read any further. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
13.1 Background Research About Patent 
 
This information contains secret materials and hinders the person to read any further. 
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14 CONCLUSION 
 
Lack of financial support has slowed down sludge incineration markets in China. In the future even 
more sludge is produced by growing urbanization and PRC has to react it somehow. Sustainable 
sludge treatment solutions are becoming highly demanded in the future. Sludge incineration is one 
of the potential answers for a fast solution in urban areas. Sludge incineration markets are growing 
slowly and only small part of the sludge is treated and incinerated for energy. Potential customers 
for sludge incineration business are hard to find, but following up and keeping up to date the Peo-
ple‟s Republic of China government‟s Five-Year Plan will increase the chances to find possible sludge 
incineration markets. 
 
Some potential methods to dispose sludge are cement kiln incineration and green cement utilizing. 
Since China‟s population and urbanization is highly growing it causes even more sludge and the re-
quirements to build more buildings and so the demand of producing cement is growing. On the oth-
er hand some cement plant‟s green cement projects have failed due to quality problems, high in-
vestments and sludge drying requirements. 
 
The high demand of lowering landfill sludge and water pollution in China makes sludge business a 
good and fast solution. On the other hand, sludge incineration is not the most environmentally 
friendly solution and cleaner disposal methods can be acquired, such as sludge disposal as fertilizer. 
There is a possibility to burn sludge as auxiliary fuel with coal, since China is lowering coal consump-
tion radically and dry sludge can be used to fill fuel requirements. There are some side-effects of 
sludge incineration with coal, which require flue gas cleaning systems and those are high cost in-
vestments. Plants are not ready to invest to cleaning systems. Therefore it‟s hard to predict, which 
is the direction PRC is forcing sludge disposal to enforce with regulations.  
 
Continuous data gathering, monitoring and recording system is necessary to develop sustainable 
sludge disposal methods. MOHURD‟s next step should be to form a data analyzing team, develop a 
sludge disposal database or ordain a sludge disposal tracking policy. The development of the sludge 
disposal data-system would create potential projects for ANDRITZ in the future and keep the com-
pany updated about sludge disposal values. The major problem in this case is the regulation incep-
tion. It can be only ordained by the Ministry of Housing Urban-Rural Development and People‟s Re-
public of China.  
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Appendix 1. COAL POWER PLANTS IN CHINA – 2015 March 1. (Wikipedia, 2015.)
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 Appendix 2. (Leaflet Concept 1. 2015) 
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Appendix 3. (Leaflet Concept 2. 2015) 
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Appendix 4. (Leaflet Concept 3. 2015) 
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Appendix 5. Heat values of various fuels. (World Nuclear Association, 2010). 
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Appendix 6. (SSWM, 2014). 
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